Background
Breast cancer is a common health problem and affects approximately 1 in 8 women. Accurate diagnosis and staging is important in the planning and treatment of this disease [1] [2] [3] . The status of the axillary lymph nodes is one of the most important prognostic factors in early stage breast cancer and is typically staged using sentinel lymph node biopsy (SLNB) or axillary lymph node dissection. The sentinel node is usually identified by means of a scanner after injection of a small amount of radiolabeled colloid into the area of the tumour before operation. Additional injection of blue dye in close proximity to the cancer during operation can further increase the gain of relevant sentinel lymph nodes [4] .
However, there are limitations to the SLNB technique for the detection of internal mammary (IM) nodes as there is often interference from radioactivity at the primary tumour site resulting in a rather low specificity [4] [5] [6] . Additional methods for internal mammary assessment include MRI or PET scanning, but these techniques are not suitable to definitively identify positive nodes [5] .
Since primary and secondary autologous breast reconstruction offers the ability to easily excise exposed IM lymphatic tissue in women who suffered from breast cancer, the present study wants to reveal the relevance of IM lymph node sampling in this specific situation.
Today, individualized reconstructive breast surgery should be a standard, integral part of the treatment options offered by breast centres. In many centres, autologous tissue is preferred for breast reconstruction as it provides a natural look and a natural look and sense to the to the reconstructed breast.
Sophisticated techniques are being adopted to ensure viability of grafted tissue, to reduce post-operative complications and to enhance long-term outcomes. In particular, the use of perforator flaps can minimize donor-site morbidity and optimise flap durability [7] [8] [9] . Koshima and Soeda first described a technique harvesting only lower abdominal skin and fat for reconstructive surgery [10] . Through the dissection of one or more perforators, who branch from the deep inferior epigastric vessels and traverse the muscle, rectus abdominis resection was avoided. Later Allen and Treece [11] published the first breast reconstruction using a deep inferior epigastric perforator (DIEP) flap. Today, many centres routinely use free DIEP flaps as they most closely resemble the look and texture of normal breast tissue and have less abdominal donor site morbidity when compared to other traditional autologous reconstructive techniques [7, 8, 12, 13] .
The internal mammary artery and vein are the primary recipient vessels in microvascular breast reconstruction. Associated with these vessels is the internal mammary lymphatic system which provides regional drainage for the anterior chest and breast and provides a means of possible breast cancer metastasis [14] . There have been reports, that sentinel node imaging studies identify internal mammary drainage in as many as 26-53% of subjects [15, 16] . However, even if a positive hot spot is identified in this area, the IM lymph nodes are difficult to sample surgically especially in patients undergoing breast conserving surgery [16] . Thereby, the surgical management of IM nodes remains controversial today.
In the present study we investigated the sampling of IM lymph nodes at the time of microvascular breast reconstruction to identify the rate of previously undetected metastatic diseases. Once identified these patients would be candidates for adjuvant oncologic therapy. We hypothesized that this in return may increase survival in a small subgroup of patients who are at risk for a poor prognosis for cancer-free survival.
Material and Methods

Study design
The study design was a retrospective review performed at the Sana Hospital Duesseldorf (Germany). All patients who underwent microvascular breast reconstruction between January 2006 and September 2009 were included in the study if internal mammary lymph node sampling was performed. Demographic data obtained on each patient included age, diagnosis, staging, cancer treatment regimes, operative reports, histopathology, follow-up notes and complications.
Eligibility and inclusion criteria
To fulfil eligibility criteria, all procedures were performed using either the free DIEP flap or the fms-TRAM flap (free muscle sparing, transverse rectus abdominis muscle). Flap selection was determined by availability of sufficient abdominal tissue for flap harvesting, the patency of the inferior epigastric arteries (assessed by means of Doppler-ultrasound), and the presence of suitable perforator vessels in the target graft zone.
Surgical procedures
Surgical procedures were performed by two teams simultaneously. The used techniques are described in detail elsewhere [17] .
Lymph node sampling
Microvascular breast reconstruction was performed following skin sparing mastectomy or as a secondary intervention. In either case, the pectoralis muscle overlying the third or fourth rib is opened or partially resected exposing the perichondrium and the intercostal space. The perichondrium is cut along the length of the anterior rib and the cartilaginous rib is removed. The posterior perichondrium is then opened exposing the internal mammary vessels. Typically two veins accompany one artery, although this pattern may vary as depicted in Figure 1 .
By means of an operating microscope, visible lymphatic tissue is excised from the area surrounding the internal mammary vessels prior to preparation of the recipient vessels. Lymphatic sampling is only performed if there is evidence of enlarged lymphatic tissue. Specific imaging techniques like blue dye were not used for lymph node identification.
All dissected lymph nodes were sent to pathology for histological evaluation.
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In patients who underwent primary reconstruction, axillary sentinel node biopsy was performed 2 weeks ahead of reconstructive surgery, using a standardized protocol for detection of sentinel nodes [18] .
Patient demographics
Unilateral internal mammary dissection was performed in 166 patients (85.1%) and 29 patients (14.9%) had a bilateral procedure. The majority of women underwent delayed breast reconstruction (n=163, 83%) while 32 patients (16.4%) underwent primary reconstruction at the time of their mastectomy. 38 patients had in-situ disease (DCIS -ductal carcinoma in situ) (19.4%), 59 patients had early stage tumours (30.2%) and 76 patients had advanced tumour stages (38.9%). 14 patients had recurrence cancer (7.1%) and 8 patients had a prophylactic mastectomy with immediate reconstruction (4.1%). The number of lymph nodes harvested from the internal mammary system ranged from 1 to 4 (median: 2, diameter: 0.3-1.5 cm). A total of 92 patients received an adjuvant external-beam radiation therapy (EBRT) in the area of mastectomy prior to reconstruction.
results
Between January 2006 and September 2009, a total of 519 patients underwent autologous breast reconstruction with either an unilateral DIEP or fms-TRAM flap (Table 1) . Of these, 195 patients (37.6%) were found to have an enlarged or suspicious lymph node at the time vessel preparation ( Figure 2 ).
Six of the 195 patients (3.08%) who underwent breast reconstruction and lymph node harvest tested positive for breast cancer metastasis (node positive group). The remaining 189 patients were found to be absent of metastatic lymphatic disease (node negative group). Micrometastases were present in all six node positive patients and three of these patients also demonstrated clinical suspicious tissue (macrometastases) and died during the observation period from May 2006 until November 2009. Lymph node sampling from the contralateral side was performed in 3 patients (all primary breast reconstructions). In these cases no metastases were detected within the obtained tissue. All patients belonging to the node positive group were tumour staged before and after surgery as depicted in Table 2 .
Within the node positive group, 4 patients received previous radiation therapy to the axillary region as well as to the thoracic wall, 5 patients had received previous chemotherapy, and 4 patients were treated with hormones (i.e. Tamoxifen). In the node negative group, 87 patients had undergone previous radiation therapy, 114 patients had received prior chemotherapy and 91 patients were treated with hormones.
The preoperative tumour localisation within the node positive group is represented in Table 3 .
Patients in the lymph node positive group were referred to a multi-disciplinary oncologic conference to determine the adjuvant therapy. Additional therapy included chemotherapy, radiation of the parasternal area and hormonal substitution with an aromatase inhibitor. Median survival in the node positive group was 15 months. One patient with a history of Hodgkin's disease and irradiation to the mediastinum prior to breast cancer treatment was initially diagnosed with metastatic disease but was found to be node negative on a secondary pathologic review. There were no complications related to the lymph node harvest of recipient vessel dissection. A total flap loss occurred in one case of all 195 included patients (flap loss rate <1%). 
discussion
Today, breast cancer is the most common malignancy in women worldwide. It is the leading cause of cancer related to mortality, affecting 10-12% of the female population [19] . Detection of lymph node metastasis is an integral part of the staging process and an important component of the treatment regime. It is also a major prognostic factor of long-term survival. Although the axilla is the most common pathway for cancer metastasis, the breast exhibits several pathways for the lymphatic drainage. The internal mammary lymphatic system receives drainage from all four breast quadrants with a preference for the lower inner quadrant [20] . Spillane and his co-workers have shown in a sentinel node imaging study that internal mammary drainage occurred in 53% of medial tumours and 24% of lateral tumours [15] . Due to its complex anatomic location and coverage by the ribcage and anterior chest wall musculature, accessibility for elective lymph node sampling and ultrasound diagnosis is difficult in this region. Further, the technique of SLNB is limited for the identification of IM nodes due to a low rate of specificity [4, 5, 21, 22 ]. An elective surgical node dissection has failed to improve survival rates [23] . Former studies questioning the value of elective internal mammary lymph node sampling revealed metastasis rates from 1.3% to 8% [14, 24] . Of concern was that a positive metastatic sampling correlated with a poor prognosis and reduced survival. Additionally, positive internal mammary lymph nodes often coincide with axillary metastases. When found in isolation, the prognosis of ipsilateral parasternal lymph metastases is comparable to axillary metastases.
However, a standardized treatment algorithm has not been established for patients with localized internal mammary metastases [25] . Data concerning the beneficial effect of additional treatment options in case of internal mammary lymph node metastasis is limited and further investigation is warranted. Despite this void of knowledge, most oncologic surgeons would agree that additional therapy like increasing chemotherapy or adding radiotherapy to the parasternal region should be considered in patients with parasternal metastasis. In the present study, all patients from the node positive group received an additional radiation of the parasternal area and a re-staging including physical examination, blood sample, chest x-ray and abdominal ultrasound after presentation to a multidisciplinary tumour board. Four patients were recommended for an additional endocrine therapy. The results of our study point out that the correlation between "clinical suspicious or enlarged" internal mammary lymph nodes and detected metastasis is very poor. Hence one cannot rely on clinical judgement, a routine dissection of these nodes would be beneficial as it would change the stage of these patients and alter adjuvant therapy. A patient consent for this procedure might be necessary.
The predominance of secondary breast reconstructions in the present study is most likely caused by the limited number of centres who provide perforator based flaps (e.g. DIEP-flap) reconstruction. At this stage internal mammary sentinel node visualization via high-resolution lymphoscintigraphy is not feasible [15, 26] .
However, autologous breast reconstructions using free flaps can be easily combined with an internal mammary lymph node sampling. The internal mammary artery and vein are most commonly used donor vessels for microvascular anastomoses [27] secondary to their ease of access and the suitability for flap positioning. Usually a partial removal of the third and fourth rib is used for the access to the internal mammary vessels [28] . Fortunately, this area exhibits the highest metastasis rate when the internal mammary lymph nodes are affected (77%) [20] . During vessel preparation, the lymphatic chain can be easily removed. Hence, internal mammary lymph node sampling does not increase the operation time significantly. Newly propagated approaches for [29] [30] [31] [32] .
Intraoperative evidence of enlarged lymph nodes was found in 195 of the 519 patients. Of the 195 patients, only six were identified with internal mammary lymph node metastasis (3.08%). In a comparable study based on a small number of patients (n=11) who received internal lymph node sampling during breast reconstruction, one patient was found to have metastatic disease.
An explanation for the relatively low amount of positive lymph nodes that have been found in our study is that evaluation of internal mammary metastasis was limited to patients with suspicious or enlarged lymph nodes at the time of vessel preparation and no sentinel node imaging of the mammary internal lymph nodes had been performed prior surgery. This had been mainly, previously performed by others and might explain that the prevalence of positive internal mammary lymph nodes is lower than reported elsewhere [15, 16, 26] . Nevertheless, a prevalence of >3% within this present collective and the ease of sampling emphasize the relevance of internal mammary lymph node sampling during autologous breast reconstruction.
conclusions
The internal mammary lymphatic drainage system is a relevant and often underappreciated pathway for breast metastasis. In our study we found the prevalence for internal mammary lymph node metastasis at primary and delayed reconstruction surgery. Interestingly, correlation between "clinical suspicious or enlarged" internal mammary lymph nodes and detected metastasis was rather poor. This might be due to the fact that only enlarged lymph nodes were taken into consideration and no sentinel node imaging prior surgery had been performed. However, we think that routine sampling of the internal mammary lymph nodes during microvascular breast reconstruction is important for two reasons. First, accessibility and removal is simple to perform at the time of internal mammary vessel preparation. Secondly, a notable rate of positive tested internal mammary lymph nodes was found in this current study at the time of breast reconstruction. Therefore we conclude that internal mammary lymph node sampling during autologous breast reconstruction is a straightforward tool to improve the staging of patients with breast cancer and to identify women, who might require additional treatment.
